Introduction Setting Occupational Standards
Acceptable occupational exposure levels for hundreds ofairborne concentrations of dusts, vapors, fumes, and gases have been set by consensus organizations and regulatory bodies for decades. The American Conference ofGovernmental Industrial Hygienists (ACGIH) has been the most visible and productive group setting these guidelines for industrial exposure. The ACGIH Chemical Substances Committee began its work in 1944 and has published an annual list ofthreshold limit values (TLVs) for more than 40 years. Currently the list covers more than 400 substances.
The American Industrial Hygiene Associationhas similarly set workplace environmental exposure limits (WEELs) for many industrial chemicals, as has the American National Standards Institute. Internationally, the World Health Organization and most governments have set occupational exposure limits. Most of these limits are based on a time-weighted average exposure for a period of 8 hr.
In the U.S., the National Institute for Occupational Safety and Health (NIOSH) has the mandate to comprehensively review the research on a specific workplace toxin and then recommend a level that should be set by the Occupational Safety and Health Administration (OSHA) as a regulatory standard for airborne concentration: the permissible exposure limit (PEL). The threshold limit values have been a much more significant influence on the PELs than the recommendations ofNIOSH. The reasons are primarily historical. NIOSH and OSHA were created by the Congress at the same time. OSHA, with the responsibility for establishing workplace standards, could not wait for NIOSH to complete the lengthy scientific reviews. Consequently, shortly after its creation in 1970, OSHA adopted the 1968 TLVs, which were intended as guidelines, and made them regulatory PELs.
Use of Occupational Standards for Nonoccupational Settings
The ACGIH has always indicated that, "These limits are intended for use (1) , the ACGIH committees base their TLVs on the "best available information from industrial experience, from experimental human and animal studies, and, when possible, from a combination of the three. The basis on which the values are established may differ from substance to substance; consequently, the precision ofthe estimated TLV is also subject to variation." Castleman (7) refuted the idea that TLVs are based on the best available information. He examined the documentation for the TLVs and claimed that for a total of 89 substances, the 1986 TLV documentation placed major reliance on unpublished corporate communications with an additional 15 substances assigned threshold levels solely on the basis of unpublished corporate studies.
As an example, the 1986 documentation for morpholine referenced a 1963 text by George Patty as a basis for stating that no chronic effects had been reported (7) . The primary source cited by Patty was a 1948 review on morpholine issued by the American Petroleum Institute.
Acute Effects
The 1968 TLVs were set primarily for acute, not chronic, effects oftoxicity (8) . The concern for upper respiratory tract irritation in industry for a worker exposed primarily to one chemical in a particular industrial process is quite different from the typical office environment with indoor air quality problems where many agents may be mixing at much lower concentrations. Most ofthe TLVs do not reflect long-term health effects such as cancer, reproductive damage, or hard-to-pinpoint illnesses such as fatigue, headaches, or slowed nerve-conduction response time.
Avenge Person
TLVs refer to airborne concentrations ofsubstances and represent conditions under which the ACGIH committee believes that nearly all workers may be repeatedly exposed without adverse effect. The committee concedes that a small percentage may experience discomfort at levels below the TLV and that a smaller percentage may be more seriously affected. The potential of hypersusceptibility is also given credence by the committee.
Most importantly, the committee noted that these limits are intended as guidelines for industrial hygiene practice, not as regulations or for estimating toxic potential of continuous, uninterrupted exposures (1). They are not fine lines between safe and dangerous nor are they a relative index oftoxicity. The limitations here are obvious for indoor air quality investigations. Many investigations involve only a few of the occupants. The TLVs were admittedly set for average people, yet we find elderly, asthmatics, and truly hypersensitive people in office settings.
Problem with Complex Mixtures Lack of Research
In March 1989, OSHA published updated PELs for approximately 600 substances. Most PELs before this update were adopted from the 1968 ACGIH list of TLVs and consensus standards of the American Standards Association.
This OSHA update is important and has resulted in reductions of212 PELsand the addition of 164 new levels. But the magnitude of the problem of protecting workers can be seen by the small fraction that the OSHA PELs represent ofthe more than 60,000 entries in the National Institute for Occupational Safety and Health's Registry of Toxic Effects of Chemical Substances.
Some research has been conducted on synergistic effects in workplace environments, but it is woefully inadequate. Of the more than 100,000 references to occupational toxicology in the Toxline database, only 20 referred to synergistic effects.
The National Institute for Occupational Safety and Health noted in its 1975 Criteria Document on carbon tetrachloride (9) that more extensive damage to the liver can be expected if ethyl alcohol is ingested too. None ofthe occupational levels, whether guidelines or regulatory requirements, are established based on any possible synergistic effect from other chemicals.
Use of the Mixture Formula
The ACGIH does have a policy for dealing with mixing of chemicals. Ifchemicals act on the same organ system, their combined effect should be given primary consideration. Without any data to the contrary, one assumes the effects to be additive and uses the following formula:
where C is the measured concentration, and Tis the threshold limit for that chemical. Any result greater than unity indicates that the limit has been exceeded. This same approach is part ofthe regulatory requirements set by OSHA and can be found in its latest document on the updated permissible exposure limits (10) . Clearly, this approach does not deal with synergism at all.
Different Forms of the Same Chemical
Complicating the picture even more is the fact that different forms of the same chemical can produce strikingly different responses. Formaldehyde is a classic example. Frigas and associates (11) reported on a patient who developed severe asthma after her house was insulated with urea formaldehyde foam insulation. Her symptoms worsened at night. Although bronchial challenge with the fine dust of the foam caused an asthmatic attack within 1 hr, the inhalation of 3 ppm formaldehyde in a closed system for 8 min, did not produce the same response. Other researchers (12) reported that, in the presence ofsuitably sized particles as carriers, formaldehyde can be taken into the lung where it stimulates bronchial reaction more than if it were in the upper respiratory tract.
Gilli and co-workers (13) have shown that there may be a relationship between the formaldehyde content ofdust and health effects. Although levels of free formaldehyde in air ranged only from 60 to 80 ppb, the content in respirable dust ranged from 4150 to 6250 ppm.
Conclusions
Occupational exposure levels have established tremendous precedent and are tempting reference values in the relatively new field ofindoor air quality evaluations where validated criteria are greatly needed. Clearly, there are major drawbacks in using occupational standards and guidelines for evaluating the health effects ofchemical agents that can be found in office settings, often in concentrations orders ofmagnitude less than what is routinely measured in the workplace. These guidelines are even less valuable when the concern is the complex mixing of chemicals in nonoccupational environments.
